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(54) Novel ester compound and thermosetting resin composition using the same 

(57) An ester compound prepared by esterifying at 
least one OH group of a polyhydric phenol as a conden- 
sation product of a non-substituted or substituted resor- 
cinol and a carbonyl compound with an organic 
carboxylic acid having 1 to 20 carbon atoms or a deriv- 
ative thereof, which necessarily contain an organic car- 
boxylic polyacid having 1 to 20 carbon atoms or a 
derivative thereof. The ester compound can be used as 
an epoxy resin curing agent affording a cured article 
having low dielectric constant, low moisture absorption 
and sufficient heat resistance. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



shie^^^ r in,y be used as an epoxy a ^< 

epoxy resin composition using the^amTSe ^l^,^ r6 absorpt,on and sufficien * "^t resistance, and an 
electric/electron* applications toUSS^ST^T?^ k W «n composition are particularly suitable for 

also used as molding mSS e^^S.J^S?'' . ** reSin for Sealin 9 ,C - etc - and are 

the like. " ttn9 matena,S> adhes,ve mater,als - civil engineering and construction materials and 



Description of the Related Art 



volar™ and ™iti^coS^„T.S 6 ! e , n " 8ed ' heraoto ™ ™» »» recant realization of thin 

purpose of improving a T '""^ " ,h = ,eSi " is «" «» 

quenov of tha signaN low dtotoiSSSSZSt ^TS 9 * e ,eali2 " i!> " °' hi * 

signal is required o.sa.paton faoto of lha raa.n to tha purpose of rsduoing transmission loss of tha 

SUMMARY OF THE INVENTION 

The present inventors have intensively studied about a functional group structure and a skeletal struct.™ of tho 

^TcT^T^^ 9 ^ 6POXy ^ ^ 3 "** * has been fo - d thaTan ££2££2£S 

n^ i T 9 8 SPeCrf ' C ,UnCti0nal 9roup structure and a specific skeletal structure satisfies the above 

object. Thus, the present invention has been completed. wwws me aoove 

That is. the present invention relates to an ester compound prepared by esterifying at least one OH group of a pol- 
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yhydric phenol which is a condensation product of a non-substituted or substituted resorcinol represented by the follow- 
ing general formula (1): 



5 




10 

(wherein P independently represent a halogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl group 
having 5 to 10 carbon atoms, an aryl group having 6 to 20 carbon atoms or an aralkyl group having 7 to 20 carbon 
atoms; and i represents an integer of 0 to 2) and a carbonyl compound represented by the following general formula (2): 

15 

o 

II 

X— C— X 1 (2) 

20 

(wherein X and X' independently represent a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl 
group having 5 to 1 0 carbon atoms, an aryl group having 6 to 20 carbon atoms or an aralkyl group having 7 to 20 carbon 
atoms, and X and X' may form a ring) with an organic carboxylic acid having 1 to 20 carbon atoms or a derivative 

25 thereof, which necessarily contain an organic carboxylic polyacid having 1 to 20 carbon atoms or a derivative thereof; 
a method for producing the ester compound, which comprises esterifying a product, obtained by condensing the com- 
pound represented by the general formula (1) with the compound represented by the general formula (2) in the pres- 
ence of an acid catalyst, with an organic carboxylic acid having 1 to 20 carbon atoms or a derivative thereof, which 
necessarily contain an organic carboxylic polyacid having 1 to 20 carbon atoms or a derivative thereof, in the presence 

30 of a base; an epoxy resin composition comprising: 

(A) an epoxy resin, and 

(B) the above ester compound 

35 as an essential component; a copper-clad laminate and a build-up laminate, obtained by using the above composition; 
and a resin-sealed type semiconductor device. 

More preferred one as the ester compound of the present invention is an ester compound wherein a polyhydric 
phenol as a raw material is represented by the following general formula (3) 



40 



45 




so (wherein n represents an average repeating number and is from 1 to 20; P independently represent a halogen atom, an 
alkyl group having 1 to 10 carbon atoms, a cycloalkyl group having 5 to 10 carbon atoms, an aryl group having 6 to 20 
carbon atoms or an aralkyl group having 7 to 20 carbon atoms; i represents an integer of 0 to 2; and R1, R2, R3, R4 
and R5 independently represent a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, a cycloalkyl group hav- 
ing 5 to 10 carbon atoms, an aryl group having 6 to 20 carbon atoms or an aralkyl group having 7 to 20 carbon atoms, 

55 and R1 and R2 as well as R4 and R5 may respectively form a ring). 

An equivalent ratio of the whole organic carboxylic acids used for synthesizing an ester to the polyhydric phenol as 
the raw material is preferably not less than 30 equivalent %, more preferably not less than 50 equivalent %. 

A proportion of the organic carboxylic polyacid having 1 to 20 carbon atoms or a derivative thereof is within the 
range from 10 to 50 equivalent %, based on the organic carboxylic acid having 1 to 20 carbon atoms or a derivative 
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°^Xt^^^ - ■» P-en, invention can be 

ence of an acid. condensation reactron between resorcinols and a carbonyl compound in the pres- 

c.no.rsVc^^ and , ^itions. and examples thereof inCude a.ky.resor- 

sorcinol. 5-t -butylresorcinol ,™ SSS^SSS?*, *Z2* m0a ** 5-isobutylre- 
diisopropylresorcinol. 2 -m e tU-SSSSol 2 2 h i , ' , 2 ' 5 * ,me **"*°'cinol. 2,5<Jiethy.resorcinol, 2,5- 
cydopentylresorcinoU-cycS 6tC - ; ^oalkylresorcinols such as 2- 

5-naphthylresordnol. et^ *f : ar y ,res °™o.s such as 5-phenylresorcino.. 

resordnols such as 2-ch.ororeso dn^ 5-phenethylresorcinol, etc, or halogenated 

butyf JSSS XX^ d 52 T T ,r deMe ' aceta,dehyde ' p-p^Me. 

methyl ethyl ketone "diethyl" ketone ^^teZT^^^' ' and k6t ° neS Such as acetone - 
anone. cycloheptanone. benzyl P henrket 0 n e Tnz7ml7?r 'sobutyl ketone, cyc.ohexanone, methyl cyclohex- 
onaphthenone, indan-1-on. etc * * *° ne ' methyl P heneth y ketone, acetophenone, acet- 

■n*2S£2 ^"u^ - -rbony, compound 

nesulfonic acid, methanesulfonic acTetc^d aC ' d SUCh aS P- to '"enesulfonic acid, benze- 

mina. zeolite, etc These 2a c^S^™ 1^ ^ ,on - exchan 9 6 such as acid clay, active alu- 

20% by weight basei onSota Sw lhl T"' 0 ' 0 01 to 50% by weight, more preferably from 0 5 to 

In the corrten^ and cart > on >" com P°-d to be charged as the raw material, 

uene. xylene, dioxane tetrahvdroS N l^Tl *° r 9 an 'cs< J-'vent may be used, and examples thereof include tol- 
methanol. ethanol, efcM TaTe^oTSed t ^ met ^ formam ^ N.N-dimethy.acetamide. N-methy.-2-pyrro.idone. 

o.i to TmoCs;r^ 

of excess resorcinol or an OH residue 5 1^ o^ucTb^f eXCe f*' h,s ran 9 e ' there aro ^ a problem that residue 
200-C. more preferably from 2 I to ?60-C Tv^hl T V™"- Th6 reaCti0n tem P eratur e is preferably from 0 to 
lowered whenThe temped " ow O ^Z^TT *• »W the conversion rate is 

toluene, xylene, etc Jag a dev,c?£oZ o, ,2^??,, » s«»enl cepable ol aaeoaopic denote,, such as 

^e Sc SETS" a °^ a "? » »e exemplilM ae ttkLe. 

eoid halide lhe,eof ExwteZredtS^iX^ 1 0 ' "*~ ei " b ° xyl 9ro * s ' and an «*■ a *v«>o o, 

adipie add azeSc STUTtS? . P ? PolyoanjoxylK; add (eg. oxalic acid, malonic acid, euocinic add 

acid S and a n' a S ^. h 1 f * SteanC aC ' dl P hen y' aceti c acid, bromoacetic acid, acrylic add. methacrylic 
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boxylic acid (e.g. cyclopentanecarboxylic acid, cyclohexanecarboxylic acid, cycloheptanecarboxylic acid, etc.) and an 
acid halide or acid anhydride thereof. Among them, acetic acid, propionic acid, methacrylic acid and benzoic acid, and 
an acid halide or acid anhydride thereof are preferred. 

Examples of the basic compound used in the esterification reaction include inorganic base compound such as 

5 sodium hydroxide, potassium hydroxide, etc.; and organic base compound such as pyridine, triethylamine, 
tripheylamine, imidazole compound. 

In the esterification reaction, a known solvent may be used. Examples thereof include tolune, xylene, acetone, 
methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, dioxane, tetrahydrofuran, N,N-dimethylformamide, N,N- 
dimethylacetamide, N-methyl-2-pyrrolidone and the like. Among them, tolune, xylene and methyl isobutyl ketone are 

10 preferred. 

A molar equivalent ratio of the whole organic carboxylic acids or a derivative thereof used in case of the esterifica- 
tion reaction to the OH group of the polyhydric phenol is preferably from 0.3 to 2.0, more preferably from 0.5 to 1.5. 
When the molar equivalent ratio exceeds this range, there arouse a problem that residue of excess resorcinol or an OH 
residue of the product becomes small. The reaction temperature is preferably from 20 to 200°C, more preferably from 
15 40 to 150°C. When the reaction temperature exceeds this range, the conversion rate is lowered when the temperature 
is low. When the temperature is high, a large amount of by-products is produced. The reaction time is preferably from 
2 to 50 hours, more preferably from 4 to 30 hours. When the reaction time exceeds this range, the reaction becomes 
insufficient when the reaction times is short. Even if the reaction time is longer than this range, the yield does not 
change and, therefore, it is not economical. 
20 When using the organic carboxylic acid itself as the raw material in case of the esterification reaction, water pro- 

duced during the reaction may be removed from the system or not. In case of removing water, the reaction may be con- 
ducted with a solvent capable of azeotropic dehydration, such as toluene, xylene, methyl isobutyl ketone, etc., using a 
device capable of reacting with removing water in the system, such as Dean -Stark tube. The reaction may be conducted 
under reduced pressure to accelerate dehydration. 
25 The epoxy resin used in the present invention is a known compound containing two or more epoxy groups in the 

molecule, and a chemical structure thereof is not specifically limited. Examples thereof include difunctional epoxy such 
as diglycidyl ether of bisphenol A, diglycidyl ether of tetrabromobisphenol A, etc.; trifunctional epoxy such as glycidyl 
ether of tris(4-hydroxyphenyl)methane, glycidyl ether of 1,1,1-tris(4-hydroxyphenyl)ethane, etc.; polyfunctional epoxy 
such as glycidyl ether of phenol novolak, glycidyl ether of cresol novolak, glycidyl ether of novolak obtained by water- 
so eliminating condensation of phenols and hydroxyarylaldehydes, glycidyl ether of poly(hydroxystyrene), glycidyl ether of 
phenol-modified polybutadiene, glycidyl ether of phenol-dicyclopentadiene adduct, glycidyl ether of bisphenol A 
novolak, etc.; product obtained by previously reacting an epoxy resin with a phenol compound such as bisphenol A, 
resorcinol, tetrabromobisphenol A, etc.; and a mixture of two or more epoxy resins. Examples of those used for afford- 
ing preferable results with respect to the object of the present invention include glycidyl ether of novolak of 2-t-butyl-5- 
35 methylphenol, glycidyl ether of cyclohexylphenolnovolak, glycidyl ether of octylphenol novolak, diglycidyl ether of 1,1- 
(4-hydroxy-5-t-butyl-2-methylphenyl)butane, diglycidyl ether of limonenebis(2-sec-butylphenol), glycidyl ether of tris(4- 
hydroxyphenyl)methane, glycidyl ether of 1,1,1 -tris(4-hydroxyphenyl), glycidyl ether of phenol novolak, glycidyl ether of 
cresol novolak, glycidyl ether of novolak obtained by water-eliminating condensation of phenols and hydroxyarylalde- 
hydes, glycidyl ether of phenoldicyclopentadiene adduct, glycidyl ether of bisphenol A novolak and the like. 
40 A proportion of the epoxy resin to the ester compound is adjusted so that a molar ratio of the number of moles of 
the epoxy group in the epoxy resin to those of the ester group in the ester compound is preferably from 1 .0 :0.3 to 1 .0 
:1.5, more preferably from 1.0 :0.5to 1.0 :1.2. When the molar ratio is out of this range, curing failure arises and a good 
cured article is not obtained. 

A curing accelerator may be added to the epoxy resin composition of the present invention. Examples thereof 
45 include imidazoles such as 2 -ethyl -4nriethy I imidazole, etc. ; tertiary amines such as triethylamine, benzyldimethylamine, 
1 ,4-diazabicyclo[2.2.2]octane, 1,8-diazabicyclo[5.4;0]-7-undecene, etc.; quaternary ammonium salts such as terta-n- 
butyl ammonium bromide, terta-n-butyl ammonium chloride, tetra n-anrrylammonium bromide, etc.; and phosphorous 
compounds such as triphenylphosphine, etc. The curing accelerator is preferably added so that the amount is from 0.05 
to 10% by weight, based on the whole resin. 
so It is also possible to use a thermoplastic resin, or a thermosetting resin other than the epoxy resin, so far as the 

effect of the present invention is not damaged. Specific examples thereof include thermoplastic resin such as polyeth- 
ylene, polypropylene, polybutadiene, polystyrene, methyl polymethacrylate, polyvinyl chloride, polyvinyl acetate, polyc- 
ellulose, polyamide, polyimide, silicone resin, polybenzimidazole, polyimide amide, polyquinoline, polyacetal, 
polycarbonate, polyester, polyphenylene oxide, polysulfone, f luorinated resin, natural rubber or polyisoprene, or a mix- 
55 ture thereof; thermosetting resin such as phenol resin, urea resin, melamine resin, xylene resin, diallyl phthalate resin, 
unsaturated polyester, saturated alkyd resin, cyanate resin, maleimide resin, vinylbenzyl resin, aniline resin, furan resin, 
polyurethane, alkylbenzene resin or guanamine resin, or a mixture thereof; or a mixture of these thermoplastic resins 
and thermosetting resins. 

Known additives such as flame retardants, fillers, surface-treating agents, etc. may be added to the composition of 



the present invention for each purpose. 
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used. AmoT^g?yl7ih b e e r SjZE!^ 3nd ^ fteme re ' a * ante ™ * cp*«* 

degree that theUL 2ES ^asVnTs^on^r " ."T* 0 " 3ny P "»°^ - - "*d to such a 
is added in the amount .arger man ?hat StZ^^ESS^ "2 56 accom P ,ished - Wh «" the flame retardant 
The production of the laminate n5 £ IS k SUCh 35 Tg ' die,ec,ric constant - etc - are damaged, 
genera, method for pro6u^lT^ST^Z^ n baCOnducted usin 9 a nonml method. Examples of the 
» pared by dissolving a thermSSo r esT JZ 9 9 " ^ m3teri3 ' W * h 3 resin varnish as a P'e- 
prepreg; laminating the preTeg and eSn ^^J!^ heat " frea,in 9 tne *" materia, to form a 

na«e. build-up method of b"ldSg-up SonS^ve ^ t0 «* a la ™" 

- monomethy. ether, P ropWene gS ^dimlthvfl. 3 ^ T ^ ket ° ne ' ^ isobut y' ketone - ethylene glycol 
tetrahydrofuran. N^-dim?^ ^ «^ tolue " e • 

-™ 

combination thereof. Polyester ftoers, polyam.de fibers, etc., nonwoven fabric, mat, paper or a 

th e r e r C aX™ 

100 to 200-C for 3 minutes to 30 minutes treatment is normally conducted at the temperature of 

™^*t^ «W~ « '"dude method of hot-press 

Examples of the inorganic ^^£%^^JF^ ° f 1 ° t0 1 °° k9/Cm2 for 20 to 300 
nium white, aluminum hydroxide talc day S t£ , f / c ° m P°s'«°n include silica, alumina, tita- 
preferred. » is a.so possTble to uselhose 5*f ^5^1^^^ and a ' Umina are particu,ar,y 

to increase the amount charged It is tha^^,2 rl ( P ° r CrUShed type) ° r S, ' 2e in ^'nation 

ble ,o lESS^.^*"^^ SSSSJT ^ SUf,iCient,y mixed in adv -- Spec.ica.ly. it 
shaking or rotating. ?n order ^ jud^efh^^ "J 8 "'* 6tC ) ° r 3 d6ViCe ° f vibratin 9' 

samples at different position may be measured Z >mZZ J. !h ? V ° r n0t 3 particle size distribution of 

may be optionally treated withTcounZ *** are subs ^»V the same or not. The fillers 

ofmixingLtaS^ 

using a mixer. 9 "* method of d,rect| y *»™ulating it in thefillers, followed by treating 

agent, el^RameleSarS st'h "* surt *™«^ a ^nt (e.g. si.ane coup.ing 
minatedepoxyresinis^ 

^l^nZTJZ^e^lS^ ™ y H 3dd6d ° f re3Ct6d Previ0usl * *«* «»W thereof 
ber, silicone oil anS the Z ^ 35 P 0 ^ 1 *^"* butadiene-acrytonitrile copo.ymer, silicone rub- 

etc. using d&fice » ^ —»* parts such as semiconductor, 

has hitherto ^In U^TZ'Z '"^Z^™*™ 0 "- ™*"9 -ay be conducted by a molding method which 
idization dipping and the like 9 ' COmpression M * Nection molding, pot molding, dipping, flu- 

PREFERRED EMBODIMENT OF THE INVENTION 

50 

55 Synthesis Example 1 

2-, WS-mahyiphenol ( 22 3,.„ g. ,3.58 OH mo, eq.). p-Mu^Ko™ (,2.9 g. 0.068 mol) and denized 
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water (223.3 g) were charged in a 5 liter four-necked round bottom flask equipped with a thermometer, a stirrer, a con- 
denser and a dropping tube, followed by heating to 100°C. After 37% formalin (218.4 g, 2.715 mol) was added dropwise 
over 2 hours, the reaction was conducted with maintaining at 100°C for 2 hours. After cooling to 80°C, the reaction solu- 
tion was neutralized with an aqueous 10% NaOH solution (27.7 g, 0.069 mol). The organic layer after partitioning was 
5 washed twice with 700 g of deionized water. The organic layer after washing was concentrated under reduced pressure 
(180°C, 1 0 mmHg, 1 hour) to obtain 857.2 g of a resinous product. The OH equivalent of the resulting resinous product 
was 1 76.0 g/eq. 

The reaction product (246.4 g, 1.4 OH mol eq.) obtained as described above, epichlorohydrin (906.5 g, 9.8 mol), 
dimethylsulfoxide (453.3 g) and deionized water (14.0 g) were charged in a 2 liter four-necked round bottom flask 
w equipped with a thermometer, a stirrer and a condenser with a separating tube, and then an aqueous 48.6% sodium 
hydroxide solution (108.31 g, 1 .316 mol) was added dropwise over 5 hours under the condition of 49°C and 42 torr. Dur- 
ing the dropwise addition, azeotropically distilling epichlorohydrin and water were liquefied by cooling with maintaining 
at 49°C and the reaction was conducted with returning the organic layer to the reaction system. 

After the completion of the reaction, the unreacted epichlorohydrin was removed by concentrating under reduced 
is pressure. Then, an epoxidated product containing a salt as by-products and dimethylsulfoxide was dissolved in methyl 
isobutyl ketone and the salt and dimethylsulfoxide were removed by washing with hot water. 304.9 g of an epoxy resin 
was obtained by removing the solvent under reduced pressure. 

The epoxy equivalent of the epoxy resin thus obtained was 256 g/eq. An infrared absorption spectrum was meas- 
ured. As a result, it was confirmed that absorption at 3200-3600 cm-1 of phenolic OH is disappeared and absorption at 
20 1240 and 910 cm-1 of epoxide is present. 

Synthesis Example 2 

This Synthesis Example relates to a method of producing a terminal epoxy resin by addition reaction of the epoxy 
25 resin obtained in Synthesis. Example 1 . diglycidyl ether of tetrabromobisphenol A and tetrabromobisphenol A. 

The epoxy resin (83.8 g) obtained in Synthesis Example 1. diglycidyl ether of tetrabromobisphenol A (trade name: 
Sumi-epoxy ESB-400 manufactured by Sumitomo Chemical Co., Ltd.. epoxy equivalent: 403 g/eq.) (75.5 g), tetrabro- 
mobisphenol A (17.5 g) and methyl ethyl ketone (15.9 g) were charged in a 300 ml four-necked round bottom flask 
equipped with a thermometer, a condenser and a stirrer, followed by melting with heating at 1 10°C. A 10% methyl ethyl 
30 ketone solution of triphenylphosphine (weight ratio of triphenylphosphine to resin: 4 x 10-4)(0.71 g) was added and, 
after maintaining at 1 10°C for 4 hours, the addition reaction of the epoxy group and phenolic hydroxyl group was con- 
ducted. After the completion of the reaction, the inside of the system was cooled to 90°C and 63.5 g of propylene glycol 
monomethyl ether was added dropwise to obtain 250 g of a resin solution having a resin solid content of 70% by weight. 
The epoxy equivalent of the resulting resin adduct was 390.0 g/eq. in terms of solid content. 

35 

Synthesis Example 3 

This Synthesis Example relates to a method of producing glycidyl ether of a polyhydric phenol obtained by the reac- 
tion between 2 -t-butyl-5-methyl phenol and p-hydroxybenzaldehyde, as the epoxy resin used for the epoxy resin com- 
40 position of the present invention. 

2-t-butyl-5-methylphenol (295.6 g, 1 .80 OH mol eq.), p-toluenesulfonic acid (0.95 g, 0.05 mol), p-hydroxyberizalde- 
hyde (122.1 g, 1 .00 ml) and toluene (417.7 g) were charged in a reaction flask equipped with a thermometer, a stirrer, 
a condenser and a Dean-Stark tube, and the condensation reaction was conducted at reflux with dehydrating at 1 15°C 
for 5 hours. After cooling to 70°C, the reaction solution was neutralized with sodium hydroxide. Hexane (417.7 g) was 
45 added to form a precipitate again. After cooling to room temperature, the solvent was filtered and dried under reduced 
pressure to obtain 372 g of a polyhydric phenol. The OH equivalent was 140 g/eq. 

The polyhydric phenol (294.0 g, 2.1 OH mol eq.) obtained as described above, epichlorohydrin (971.6 g, 10.5 mol) 
and dimethylsulfoxide (245.6 g) were charged in a reaction flask equipped with a thermometer, a stirrer and a con- 
denser with a separating tube, and then an aqueous 48% sodium hydroxide solution (164.5 g, 1.974 mol) was added 
so dropwise over 5 hours under the conditions of 48°C and 62 torr. During the dropwise addition, azeotropically distilling 
epichlorohydrin and water were liquefied by cooling with maintaining at 48°C and the reaction was conducted with 
returning the organic layer to the reaction system. 

After the completion of the reaction, the unreacted epochlorohydrin was removed by concentrating under reduced 
pressure. Then, an epoxidated product containing a salt as by-products and dimethylsulfoxide was dissolved in methyl 
55 isobutyl ketone and the salt and dimethylsulfoxide were removed by washing with hot water. 380 g of an epoxy resin 
was obtained by removing the solvent under reduced pressure. 

The epoxy equivalent of the epoxy resin thus obtained was 210 g/eq. 



Synthesis Example 4 



Resorcinol (1000 0 c ,9 , -nol) o WuL^ilS?^? o n' the 6Ster com P ound ° f the present invention 
9. 3.0 m.) were charged ?n a 5 ^£SS£^^l*y ^ ^ methan °' (33 ° ° 9) «* acetone <'™> 
and a dropping funnel, followed by h^tinoTolsoc Aftpr ™ wi * h a thermometer, a stirrer, a condenser 

charged. After maintaining^To'C STs hours ^fh^deSS ,'7 * 7° ** 9 ^ 750 9 ° f deionized water w ^s 
ta. was dissolved in methane, . « fSS^E^J^ JTL - ? 7,16 ' eSU,tin9 CrUde CryS " 

product obtained after filtration and further drS^JS^J dr °P w,se ' followed by recrystallization. An amount of the 
IR that the resultant is ■uSSjJSI? * 9 ^ Pr6SSUre 265 9 11 was confirmed b V 1 H-NMR and 



Example 1 



of a ^rSx^ * «" 01 inVenti0n ' WhSrein 3 — « «*» 

2.4.4-TriLth yl - 2 .(2.4XdS^ ?* d9rt '" B " < acetic anhydride) is 30%. 

triethylamine (77.8 g 0 77 mol 315^^ ( ° 9 ' 0 7 m °' "»■> obtained in Synthesis Example 4. 

equipped with a condenseV^ 9 > f! Char9ed in a 2 <°— cked'flask 

, dropwise a slurry solution t^B^S^^^l , T &1 by heatin9 t0 70 ° C After adding 

' buthy. ketone, acetic an3 ide (^1 n £^^T^%^ to ^' 3 9 ' 0 21 m °' 69 > in 168 0 9 of meth y' '*<> 

Absorpfon due to OH stretching vibration was not observed. 



Example 2 



of a ^rbo^ ° f ,he P-ent invention, wherein a molar equivalent ratio 

2.4.4-Trimethyl-2 (2 4^ 3 monocarb °xyl.c acid derivative (acetic anhydride) is 30% 

and M^yL^^^TS'^S^ ?? 9 ; ^ ^ 690 0btained h Synthesis Exam P'* 4 
thermometer, a stirrer and a droSno In J !Z J? '7 I ^ four - necked flask «^PPed with a condenser, a 

thalate (45.7 g, 45 mo I "q ) tSKS«?o^^,5l^ *° ^ Chargin9 diCh '° ride tere P h ' 
1.2 mol) is charged and Set heatino to\o°C ^ft^ hTi ^ dr ° PW ' Se ° Ver ° ne h0ur Triethylamine (121.2 g. 
After heatino to^^rr: 7' ^ mnj ™ < 1224 9- 12 m <" «*•> * added dropwise over one hour. 

removed unL reduced p'« obtlin Z^S^ZZS" " ^ ^ " d "» «*« W3S 
Accord,ng to the same manner as that described in Example 1 . it was confirmed that the resu.tan, is a desired prod- 



uct 
Example 3 



of a 2S£3S!!^ ° f th6 P--; '-ntion. wherein a molar equivalent ratio 

2 4d TrirLth,,. o a "7^j w ^™ ato y' dichlonde) to a monocarboxylic acid derivative (acetic anhydride) is 20% 

mnn ic . h 1 J*'} ^^ya" 1 " 16 <30-3 9. 0 3 mol) is added dropwise over one hour Triethylamine 1 36 a i 5 

r?mle7:Se°Suce^ pr^eTobtlin ^T' ? ^ by W3Shin9 With Wat6r ^ d < he 

a™ rJ^YJZ Pressure to obta.n 217.9 g of a resinous solid having a softening point of 101°C 

^ Accord.ngtothesamemannerasthatdescribedinExamplel.rtwascorrfirmedthatme^ 



Example 4 



nf a J? f Xa 7 le r !w teS t0 3 meth0d 0f P roducln 9 ^ ester of the present invention, wherein a molar equivalent ratio 
of a d,carboxyhc acid derivative (terephthaloyl dichloride) to a monocarboxylic add derivative (aSS^ 
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2 > 4,4-Trimethyl-2-(2,4-dihydroxyphenyl)-7-hydroxychroman (150 g, 1.5 mol eq.) obtained in Synthesis Example 4 
and METHYL ISOBUTHYL KETONE (866 g) are charged in a 2 liter four-necked flask equipped with a condenser, a 
thermometer, a stirrer and a dropping funnel, and then dissolved by heating to 50°C. After charging terephthaloyl dichlo- 
ride(15.2 g, 0.15 mol eq.), triethylamine(15.2 g, 0.15 mol) is added dropwise over one hour. Triethylamine (151 .5 g, 1 .5 
5 mol) is charged and, after heating to 70°C P acetic anhydride (1 53.0 g, 1 .5 mol eq.) is added dropwise. After heating to 
90°C and maintaining for 5 hours, a salt was removed by washing with water and the solvent was removed under 
reduced pressure to obtain 212.1 g of a resinous solid having a softening point of 89°C. 

According to the same manner as that described in Example 1 . it was confirmed that the resultant is a desired prod- 
uct. 

w 

Example 5 

This Example relates to a method of producing the ester of the present invention, wherein a molar equivalent ratio 
of a dicarboxylic acid derivative (isophthaloyl dichloride) to a monocarboxylic acid derivative (acetic anhydride) is 30%. 
is 2,4,4-Trimethyl-2-(2,4-dihydroxyphenyl)-7-hydroxychroman (70 g, 0.7 mol eq.) obtained in Synthesis Example 4, 

triethylamine (77.8 g, 0.77 mol eq.) and methyl isobutyl ketone (189.0 g) are charged in a 2 liter four-necked flask 
equipped with a condenser, a thermometer and a dropping funnel, followed by heating to 70°C. After adding dropwise 
a slurry solution prepared by dissolving isophthaloyl dichloride(21.3 g, 0.21 mol eq.) in 190.0 g of METHYL ISOBU- 
THYL KETONE, acetic anhydride (57.1 g, 0.56 mol eq.) is added dropwise over one hour. After heating to 90°C and 
20 maintaining for 5 hours, a salt was removed by washing with water and the solvent was removed under reduced pres- 
sure to obtain 73.2 g of a resinous solid having a softening point of 91 °C. 

Infrared absorption spectrum: 2970, 1765 (carbonyl stretching of acetate), 1740 (shoulder) (carbonyl stretching of 
isophthalate), 1610, 1585, 1495, 1420, 1375, 1300, 1210, 1145, 1125, 1055, 1015, 900, 755 cm- 1 
Absorption due to OH stretching vibration was not observed. 

25 

Example 6 

This Example relates to a method of producing the ester of the present invention, wherein a molar equivalent ratio 
of a dicarboxylic acid derivative (dichloride adipoyl dichloride) to a monocarboxylic acid derivative (acetic anhydride) is 
30 30%. 

2,4,4-Trimethyl-2-(2,4-dihydroxyphenyl)-7-hydroxychroman (100 g, 1.0 mol eq.) obtained in Synthesis Example 4, 
triethylamine (77.8 g. 0.77 mol eq.) and METHYL ISOBUTHYL KETONE (600 g) are charged in a 2 liter four-necked 
flask equipped with a condenser, a thermometer, a stirrer and a dropping funnel, and then dissolved by heating to 40°C. 
After charging adipoyl dichloride(27.5 g, 0.3 mol eq.), triethylamine (30.3 g, 0.3 mol) is added dropwise over one hour. 
35 Triethylamine (80.8 g, 0.8 mol) is charged and, after heating to 60°C, acetic anhydride (81 .6 g, 0.8 mol eq.) is added 
dropwise over one hour. After heating to 90°C and maintaining for 4 hours, a salt was removed by washing with water 
and the solvent was removed under reduced pressure to obtain 144.6 g of a resinous solid having a softening point of 
88°C. 

Infrared absorption spectrum: 2960, 1765 (carbonyl stretching of acetate and adipate), 1610, 1580, 1495, 1370, 
40 1200, 1140, 1120, 1055, 1010, 900, 735cm-1 

Absorption due to OH stretching vibration was not observed. 

Referential Example 1 

45 This Example relates to synthesis of a compound using no organic polyacid, which is essential for synthesis of the . 
ester compound of the present invention. 

2,4,4-Trimethyl-2-(2,4-dihydroxyphenyl)-7-hydroxychroman (100 g, 1.00 mol eq.) obtained in Synthesis Example 4, 
triethylamine (106.1 g, 1.05 mol) and methyl isobutyl ketone (568.0 g) were charged in a 2 liter four-necked round bot- 
tom flask equipped with a thermometer, a stirrer, a condenser and a dropping funnel, followed by heating to 70°C. Acetic 

so anhydride (107.1 g, 1.05 mol) was added dropwise over 2 hours. After maintaining at 70°C for 4 hours, the reaction 
solution was washed with water and partitioned to remove the aqueous layer. Then, the solvent was distilled off at 
150°C under reduced pressure of less than 5 mmHg to obtain 139.6 g of a resinous product. The resinous product was 
gradually crystallized when it is allowed to stand. 

It was confirmed by the following analytic value that the resultant is a desired product. 

55 

Analytical value: 

Infrared spectrophotometry (KBr disk method)/2970, 1760 (C=0). 1605. 1580, 1490, 1420, 1200, 1145, 1125, 
1100, 1035, 1010, 990, 900 cm-1 
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Examples 31 to 36 

According to the same manner as that described in Examples 7 to 30, DBU (1.8-diazabicyclo[5.4.0].7-undecene) 
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was used as the curing accelerator to produce a resin cured plate, respectively. The dielectric constant and dielectric 
dissipation factor at 1GHz as well as glass transition temperature were measured. The formulation and results are 
shown in Table 5. 



5 Comparative Examples 1 3 to 1 5 



According to the same manner as that described in Comparative Examples 1 to 20, DBU (1 ,8-diazabicyclo[5.4.0]- 
7-undecene) was used as the curing accelerator to produce a resin cured plate, respectively, and measurement of 
, physical properties was conducted. The formulation and results are shown in Table 5. 
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Examples 37 to 45 

This Example relates to a production example of a copper-clad laminate using the epoxy resin of the present 



inven- 
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. tion. 

An epoxy resin composition (50 g) prepared by formulating components according to the proportion described in 
Table 6 was dissolved in methyl ethyl ketone to form a uniform resin varnish having a resin content of 60%. A glass cloth 
(trade name: KS-1600S962LP, manufactured by Kanebo Co., Ltd) was impregnated with the varnish and then treated 
5 using a hot-air dryer at 160°C for 6 minutes to obtain a prepreg. Five prepregs and copper foils (TSTO treatment, 35 
urn in thickness, manufactured by Furukawa Circuit Foil Co., Ltd.) were laminated each other, followed by hot-pressing 
at 1 70°C for 2 hours to obtain a copper-clad laminate having a thickness of 1 mm, respectively. Physical properties of 
the resulting copper-clad laminate are shown in Table 6. 
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Comparative Examples 1 6 to 20 

An epoxy resin composition (50 g) prepared by formulating components according to the proportion described 
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Table 7 was dissolved in methyl ethyl ketone to form a uniform resin varnish having a resin content of 60%. This resin 
varnish was polymerized by stirring with heating at 90°C for 2 hours. A glass cloth (trade name: KS-1600S962LP, man- 
ufactured by Kanebo Co., Ltd) was impregnated with the varnish and then treated using a hot-air dryer at 160°C for 6 
minutes to obtain a prepreg. Five prepregs and copper foils (TSTO treatment, 35 jim in thickness, manufactured by 
Furukawa Circuit Foil Co., Ltd.) were laminated each other, followed by hot-pressing at 170°C for 2 hours to obtain a 
copper -clad laminate having a thickness of 1 mm, respectively. Physical properties of the resulting copper-clad laminate 
are shown in Table 7. 
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75 


COD iAAT 

cpuxy \ji oy Mints 
sis Example 2 

COD'OUU 


90 


Af\ A 


AC\ A 


84 


79.7 
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Ester of Referen- 
tial Example 1 

Tamanol 758 




27.7 


- 

33.2 


16 


- 

20.3 


25 


Dicyandiamide 


2.3 


_ 




_ 




2-Ethyl-4-methyl- 
imidazole 


0.1 


0.14 


0.33 


0.12 


0.28 




Tg 












30 


(TMA method) 
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130 


139 
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(DMA method) 
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144 




Copper foil peel 
strength (Kg/cm) 


1.86 


1.66 


1.65 


1.45 


1.32 
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Boiling water 
absorption (%, 
48 hours) 


0.98 


0.95 


0.39 


0.67 
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Dielectric con- 
stant 












1MHz 
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Dielectric dissi- 
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ESCN-195: Glycidyl ether of o-cresol novolak (ESCN-195, manufactured by Sumitomo Chemical Co., Ltd.) 
ESB-400T: Glycidyl ether of tetrabromobisphenol A (ESB-400T, manufactured by Sumitomo Chemical Co., Ltd.) 
Terminal epoxy resin (Sumiepoxy ESB-500, manufactured by Sumitomo Chemical Co., Ltd.) 

ESB-500 : Terminal epoxy resin (Sumiepoxy ESB-500, manufactured by Sumitomo Chemical Co., Ltd.) obtained by 
the addition reaction between diglycidyl ether of bisphenol A and tetrabromobisphenol A 
Tamanol 758: Phenol novolak (Tamanol 758, manufactured by Arakawa Kagaku Kogyo Co., Ltd.) 
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In Tables 6 and 7. physical properties were measured in the following manner 
Examples 46 to 47 
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Table 8 





Example 46 


Example 4 7 


Comparative 


Comparative 


Formulation 


FSCN— 195LO 


100 


100 


100 


100 


Ester of Example 3 


75-2 








Ester of Exajnole 4 




74 






Tamanol 7 58 






54.4 


54 • 4 


Spherical silica 
(FB-74) 


560.6 


556 .8 


494 


494 


Crushed silica 
(FS-891) 


140.1 


139.2 


123.5 


123.5 


TPP 








1.5 


DBU 


2 


2 


2 




SH-6040 


2 


2 


2 


2 




Carnauba wax 


1.5 


1.5 


1.5 


1.5 


Glass transition 
temperature (°C, TMA) 


155 


153 


148 


149 


Water absorption 
885%/85°C RH 






72h 


0.18 | 0.20 | 0.31 


0.25 


Package crack 
resistance 
G240 e C/30 sec 






72h 


2/8 | 2/8 8/8 


8/8 



35 

In Table 8, an evaluation method of the cured molded article is as follows. 

Glass transition temperature: It was measured from an inflection point of a thermal expansion curve using a ther- 
momechanical analyzer TMA- 120 manufactured by Seiko Denshi Kogyo. 

Water absorption: It was calculated from a change in weight after maintaining under the condition of 85°C/85% RH 
40 for 72 hours, using a thermo-hygrostat (AGX-326, manufactured by Advantic Toyo Co., Ltd.). 

Solder crack resistance: Test IC's (52 pin QFP package, thickness of package: 2.05 mm) were allowed to absorb 
water under the condition of 85°C/85% RH for 72 hours and, immediately after that, they were immersed in a solder 
bath at 240°C for 30 seconds. The number of the IC's wherein a crack was formed was determined. The number of test 
samples: 8 

45 The ester compound of the present invention thus obtained, as a curing agent of the epoxy resin, affords a cured 
article having low dielectric, low moisture absorption and high heat resistance in comparison with a conventional one. 
These compositions are particularly suitable as a resin for multi-layer printed circuit board and a resin for sealing sem- 
iconductor, which are used for high-speed operation or high-frequency communication. 

so Claims 

1 . An ester compound prepared by esterifying at least one OH group of a polyhydric phenol which is a condensation 
product of a non-substituted or substituted resorcinol represented by the following general formula (1): 
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55 ative thereof in the presence of a base. 
5. An epoxy resin composition comprising: 
(A) an epoxy resin, and 
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(B) the ester compound of claim 1 , 2 or 3 as an essential component. 

A copper-clad laminate and a build-up laminate, obtained by using the epoxy resin composition of claim 5 as an 
essential component. 

An epoxy resin composition Comprising an inorganic filler (C), in addition to the component (A) and Component (B) 
of claim 5. 

A resin-sealed type semiconductor device obtained by sealing a semiconductor element with the epoxy resin com- 
position of claim 5 or 7. 
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